Section Radicales (Kük.) Nelmes comprises nearly 15 species in Carex subg. Carex (Cyperaceae) and is mainly distributed in the Pan-Himalaya region, with a few species extending to the guangxi and Hainan provinces of China and Burma. a taxonomic revision of sect. Radicales in China is proposed and 12 species with two varieties are recognized. Carex pseudomitrata X. F. Jin & Cen is described as a new species and C. caudispicata var. longiutriculata X. F. Jin is described as a new variety. Carex anningensis is reduced to synonym of C. caudispicata, and C. chuiana to C. radicalis. Carex funhuangshanica and C. speciosa subsp. dilatata are respectively reduced to synonyms of C. speciosa and C. speciosa var. courtallensis.
Introduction
The genus Carex linneaus (1753: 972) contains ca. 2000 species worldwide distributed in different habitats (Nelmes 1951 , Dai et al. 2000 . With 527 species, Carex is one of the largest genera of seed plants in China (Dai et al. 2010 , Wu et al. 2011 . Kükenthal (1909: 480) established Carex sect. Digitatae Fries (1835: 187) subsect. Radicales Kükenthal (1909: 480) in his worldwide monograph of Carex, but he didn't designate any type. In Kükenthal's monograph, five species and seven varieties were recognized. These species have 1-6 androgynous spikes, the remote lateral ones exserting from the middle or at the base of the culms; compressed trigonous perigynia that contract into a short beak at the apex, with styles frequently thickened at the base. Nelmes's (1951) taxonomic monograph on Carex in Malaysia was a fully descriptive work of 108 species known to occur, and Kükenthal's Radicales group became recognized as a sectional status which contained two Malaysian species. The name of sect. Radicales (Kük.) Nelmes (1951: 389) is currently widely used till now (Koyama 1955 , 1956 , raymond 1965 , li 1990 , 1999 , Dai et al. 2000 , 2010 . From Kükenthal's monograph on Carex, two species in sect. Radicales, C. cylindrostachys Franch. (1895: 32) and C. delavayi Franch. (1895: 29) , distributed in the Yunnan Province of China were recognized (Kükenthal 1909) . later, two additional species, Carex tsoi Merrill & Chun (1935: 207) and C. planiscapa Chun & How (1958: 82) from Hainan Island of China, were described and designated to sect. Radicales. li (1990, 1999) described an additional six new species to this section: four species collected from Yunnan Province, one species collected from Sichuan Province, and an additional species from guangxi Province. There are 13 species of sect. Radicales known to occur in China (Table  1) . With 10 species from this section distributed there, the Hengduan Mountains and the adjacent region are known for containing most of the diversity of sect. Radicales (li 1994 (li , Dai et al. 2000 (li , 2010 (Fig. 1) . recently, Carex daxinensis Y. Y. Zhou & X. F. Jin (2014: 135) was collected from guangxi and described as a new species of sect. Radicales.
During the process of preparing the Flora of Pan-Himalayas (Carex) , as well as the revision of Carex from China, the first author examined all the collections of sect. Radicales at the following herbaria: BM, e, IBK, IBSC, K, KuN, KYo, P, Pe and TI (see: Index Herbariorum, http://sciweb.nybg.org/science2/IndexHerbariorum.asp). The principal diagnostic characters used to identify members of sect. Radicales were discussed and a taxonomic revision was made as described here (Table 1) . The morphological descriptions for all species and varieties within this paper are based on these specimens.
Achenes
achenes in Carex sect. Radicales are oblong, ellipsoid, ovoid, obovoid-ellipsoid, oblong-obovoid or obovoid in shape. They are typically 2-3 mm long, except for C. tsoi, whose achenes are 1-1.5 mm long. Styles of almost all the taxa, except C. courtallensis, are thickened or slightly thickened . Styles of C. tsaiana F. T. Wang & Tang ex P. C. li (in li 1999: 169), C. caudispicata, C. anningensis and C. daxinensis are sparsely pubescent.
Carex pseudomitrata has oblong-obovoid-shaped achenes that are ca. 2.2 mm long, with thickened styles that are curved at the base.
Taxonomic treatment
1. Carex sect. Radicales (Kükenthal 1909: 480) Nelmes (1951: 389) . Type:-Carex radicalis Boott.
Involucral bracts leaf-like, longer than inflorescence, long sheathed, rarely scale-like. Spikes androgynous, 1 to several, usually remote. Staminate and pistillate scales obtuse or acute, rarely awned at apex. Perigynia compressed trigonous, pubescent, hispidulous, or glabrous, usually ciliate on margins, many veined, abruptly contracted into a short beak at apex. Style base usually thickened, sparsely pubescent or densely brown granular-punctate; stigmas 3. (1) Carex caudispicata F. T. Wang & Tang ex P. C. li (in li 1999: 170 Perennial herbs. rhizomes elongate. Culms loosely caespitose, 10-30 cm tall, 1-1.5 mm thick, trigonous, stiff. leaves longer than or slightly shorter than culm; blades 2-5 mm wide, flat or revolute, stiff, scabrous on both surfaces, with dark brown and persistent sheaths at base. Involucral bracts leaf-like, nearly equaling to inflorescence or longer than inflorescence, sheathed. Spikes 1 or 2 (or 3), androgynous, cylindrical, 20-40 mm long, 4-5 mm wide, densely flowered; lateral spikes exerted from middle of culm, long peduncles exerted from sheaths; staminate part of spike shorter than or equal to pistillate part. Staminate scales ovate to oblong-ovate, 3-4 mm long, greenish white, acute at apex. Pistillate scales ovate to broadly ovate, 3.5-4.5 mm long, greenish white, acute at apex, green 1-veined costa. Perigynia obovoid or ovoid, compressed trigonous, 4.5-5.5 mm long, green, sparsely pubescent, then glabrescent, 2-veined laterally and thinly veined, attenuate at base, contracted into a short beak at apex; orifice 2-lobed with short teeth. achenes obovoid, compressed trigonous, 3-3.5 mm long, dark brown at maturity, shortly stipitate at base; style thickened at base, conic, sparsely pubescent; stigmas 3. Note:-li (1999: 171) described Carex anningensis and indicated that this species differs from C. chlorocephalula in having a hispidulous habit, 1-3 mm wideleaves, verrucose achenes, and styles thickened and globose at the base. In Flora Reipublicae Popularis Sinicae (vol. 12) and Flora of China (vol. 23) (Dai et al. 2000 (Dai et al. , 2010 , it was considered to be similar to C. caudispicata, but different from the latter in having leaves ca. 1 mm wide, ellipsoid-or oblongshaped perigynia, and verrucose achenes. However, after a comparison of the types of both C. caudispicata and C. anningensis, the leaves of C. anningensis were measured at 2-3.5 mm wide (not ca. 1 mm wide), and the perigynia were obovoid (not ellipsoid or oblong), and the achenes were inconspicuously verrucose. For these reasons, we reduced C. anningensis to the synonymy of C. caudispicata. 
A var. caudispicata foliis 4-7 mm latis trabeculatis, perigyniis longioribus 7-7.5 mm longis differt.
The new variety differs from the typical one in having leaves 4-7 mm wide, trabeculate, and perigynia 7-7.5 mm long.
Additional specimens examined:-CHINA. Yunnan: Xichou, Fadou, S. Z. Wang 552 (KuN). Perennial herbs. rhizomes short. Culms densely caespitose, 6-30 cm tall, ca. 1 mm thick, trigonous, densely hispidulous, with brown and persistent sheaths at base. leaves equal to culms; blades 1.5-3 mm wide, flat, soft, densely hispidulous on both surfaces, slightly revolute at margins. Involucral bracts leaf-like, shorter than inflorescence, densely hispidulous, sheathed. Spikes 2 or 3, cylindrical, 10-15 mm long , 3-3.5 mm wide, androgynous, terminal 2 usually exerted from a bract sheath, lateral 1 exerted from base of culm, long peduncled; staminate part of spike shorter than or equal to pistillate part. Staminate scales ovate, 2.5-3.5 mm, acute at apex, pale green, green 1-veined costa. Pistillate scales oblong, ca. 3.5 mm long, attenuate and mucronate at apex, yellowish green, green 3-veined costa. Perigynia green, slightly longer than scales, oblong-obovoid, compressed trigonous, ca. 4 mm long, densely hispidulous, 2-veined laterally and thinly veined, shortly stipitate at base, ciliate at margins, abruptly contracted into a short beak at apex; orifice shortly 2-lobed with minute teeth. achenes oblong-obovoid, compressed trigonous, ca. 2 mm long, attenuate at base, brown at maturity, abruptly contracted into a beak at apex; styles short, thickened and ovoid at base; stigmas 3. Perennial herbs. rhizomes elongate, ligneous, creeping or obliquely ascending. Culms loosely caepitose, 10-20 cm tall, 1.5-2 mm thick, stiff, trigonous, scabrous, with persistent sheaths at base. leaves longer than culms, flat; blades 2-3 mm wide, stiff, slightly scabrous. Involucral bracts leaf-like, longer than inflorescence, long sheathed at base. Spikes 3-6, androgynous, cylindrical, 20-30 mm long, ca. 2.5 mm wide, densely flowered, lowermost one remote and with an erect and long peduncle, others approximate, with very short peduncle and usually enclosed; staminate part of spike longer than pistillate part. Staminate scales oblong-ovate to ovate, pale green, 4-4.5 mm long, acute or obtuse at apex. Pistillate scales ovate, 4-4.5 mm long, pale green, green 3-veined costa, acute at apex. Perigynia green, longer than pistillate scales, obovoid-oblong, compressed trigonous, 4.5-5 mm long, densely pubescent, 2-veined laterally and thinly veined, ciliate at margins, shortly stipitate at base, contracted into a short beak at apex; orifice 2-lobed with short teeth. achenes obovoid to oblong-obovoid, compressed trigonous, 2-3 mm long, abruptly contracted into a short stipe at base, shortly beaked or nearly beakless at apex; style thickened at base, conic; stigmas 3. (Pe) .
Note:-Carex cylindrostachys has an inflorescence with 3-6 spikes. The lowest spike is remote, while the others are aggregated. It is easily distinguished from the other species in sect. Radicales. Perennial herbs. rhizomes short, indurate. Culms loosely caespitose, 10-50 cm tall, 0.5-1 mm thick, trigonous, smooth. leaves longer to slightly shorter than culms; blades 2-3.5 mm wide, flat, stiff, with dark brown sheaths at base. Involucral bracts leaf-like, nearly equal or slightly shorter than inflorescence, sheathless. Spikes 1-3, androgynous, cylindrical, 10-20 mm long, 3-4 mm wide, densely flowered; staminate part of spike shorter than pistillate part; lateral spikes exserted from middle part of culms, with erect and short peduncles. Staminate scales ovate, ca. 2 mm long, yellowish green, acute at apex, green 1-veined costa. Pistillate scales ovate, ca. 3 mm long, acute at apex, pale green, green 1-veined costa. Perigynia longer than pistillate scales, green, elliposoid-ovoid, compressed trigonous, 4-4.5 mm long, 2-veined laterally and thinly veined, sparsely pubescent at margins, cuneate at base, gradually contracted into a short beak at apex; orifice shortly 2-lobed with minute teeth. achenes dark brown at maturity, obovoid, compressed trigonous, 2.5-3 mm long, abruptly contracted into a short stipe at base; style slightly thickened at base, trigonous, conic, and sparsely pubescent; stigmas 3.
Additional specimens examined:-CHINA. Guangxi: Daxin, leiping, X. F. Jin & Y. Y. Zhou 3023 (HTC) . Note:-Carex daxinensis is similar to C. caudispicata in having sparsely pubescent styles, but differs by having ellipsoid-ovoid-shaped perigynia, and having soft leaves that are 2-3.5 mm wide. It is also similar to C. speciosa in having ellipsoid-ovoid-shaped perigynia, soft leaves, and that the staminate part of spike is shorter than pistillate one, but differs in having leaves that are narrower (2-3.5 mm wide), obovoid-shaped achenes, and sparsely pubescent styles. Perennial herbs. rhizomes ligneous, long and obliquely ascending. Culms loosely caespitose, 10-30 cm tall, acutely trigonous, slightly stiff, scabrous on upper parts, with dark brown and persistent sheaths at base. leaves longer than culms; blades 3-5 mm wide, flat, scabrous on upper surfaces. Involucral bracts leaf-like, shorter than inflorescence, shortly sheathed. Spike single, sometimes 2 or 3; lateral spikes exerted from middle or lower part of culm; (terminal) spike ovoid, 8-20 mm long, 6-10 mm wide; staminate part of spike longer than pistillate part, densely flowered, pistillate part sparsely 3-10 flowered. Staminate scales ovate or broadly-ovate, ca. 4 mm long, greenish yellow, acute at apex, green 3-veined costa. Pistillate scales ovate or broadly ovate, greenish white, ca. 4 mm long, acute at apex (lower scales long, scabrous, awned at apex), green 3-veined costa. Perigynia slightly longer than pistillate scales, ca. 5 mm long, ellipsoid, compressed trigonous, brownish green, patent, glabrous, 2-veined laterally and thinly veined, attenuate at base, ciliate at margins, contracted into a short beak at apex; orifice 2-lobed with short teeth. achenes broadly ovoid, trigonous, yellowish brown at maturity, ca. 3.5 mm long, shortly stipitate at base; style slightly thickened at base, conic; stigmas 3.
Additional specimens examined:-CHINA. Yunnan: Weixi, lidiping, anonymous 86 (Pe) . Zhongdian, Qinghai-Tibet Exped. 59 (Pe) , Z. X. Tang & al. 695 (Pe) , anonymous 48 (Pe) .
Note:-Carex delavayi can be distinguished from other species in sect. Radicles because it frequently has a solitary, ovoid spike where the staminate part of spike is conspicuous and longer than the pistillate part. The lower pistillate scales are long-awned at the apex. (6) Carex planiscapa Chun & How (1958: 82) . Type:-CHINa. Hainan: Baishan, Mount. Wuzhi, 9 Dec 1954, Hainan Exped. 621 (holotype, IBSC; isotype, IBK!, Pe!) ( Figure 5 : M-r).
Perennial herbs. rhizomes short. Culms 8-20 cm tall, densely caespitose, ca. 1 mm thick, compressed trigonous, soft and smooth. leaves at least twice as long as culms, flat, 3.5-7 mm wide, soft, glabrous, scabrous on margins, with brown persistent sheaths at base. Involucral bracts scale-like. Spikes 1 or 2, androgynous, remote, cylindrical, 5-10 mm long, 2-3 mm wide; staminate part of spike longer than pistillate part, rarely equal in length, densely flowered, pistillate part shorter than staminate ones, with a few pistillate flowers. Staminate scales oblong, 1.5-2 mm long, pale green, obtuse at apex, green 1-veined costa. Pistillate scales broadly ovate, yellowish green, 1.5-2 mm long, obtuse at apex, green 1-veined costa. Perigynia pale green, ellipsoid-ovoid, compressed trigonous, 2-3 mm long, sparsely pubescent on upper part, later glabrescent, 2-veined laterally and thinly veined, nearly rounded at base, ciliate at margins, inconspicuously beaked at apex; orifice obliquely truncate. achenes ellipsoid, trigonous, dark brown at maturity, sides slightly concave, ca. 2 mm long, cuneate at base, shortly beaked at apex; style cylindrical, thickened, densely brown granular-punctate; stigmas 3.
Additional specimens examined:-CHINA. Hainan: Baoting, Xinglong, K. C. How 73586 (IBK, Pe). Without precise locality, N. C. Chun 44442 (IBK).
Note:-This species is characterized by compressed trigonous culms, scale-like involucral bracts, cylindrical spikes, perigynia that are inconspicuously beaked at the apex, and densely granular-punctate styles. 
Species nova Carici cylindriostachyi Franch. affinis est, a qua spicarum partibus florium staminatorum eis florium pistillatorum valde brevioribus, squamis pistillatis apice in aristas longas scabras gerentibus.
Perennial herbs. rhizomes short, indurate. Culms 25-55 cm tall, 0.5-1 mm thick, trigonous, glabrous, smooth, with yellowish brown, persistent bladeless sheaths at base. leaves shorter than culms, rarely equal in length; blades 1.5-3 mm wide, flat, scabrous on dorsal surfaces. Involucral bracts leaf-like, terminal 1 or 2 longer than inflorescence, lower bracts shorter, sheathed; sheaths 5-25 mm long, with the lowest longer than others. Spikes 4-6, androgynous, cylindrical, 10-30 mm long, 3-4 mm wide; terminal 2 or 3 spikes closed, others remote; peduncles slightly exerted from sheaths, or enclosed; staminate part shorter than pistillate part, 3-6 mm long, densely flowered, pistillate part 5-25 mm long, sparsely flowered. Staminate scales oblong-lanceolate, 4.5-5 mm long (including awn), pale yellowish brown, acuminate at apex, green 3-veined costa extending 0.5-1 mm long scabrous awn at apex. Pistillate scales narrowly elliptic-lanceolate, 6.5-7 mm long (including awn), greenish white, acuminate at apex, green 3-veined costa extending 3-4 mm long scabrous awn at apex. Perigynia narrowly ellipsoid, trigonous (excluding beak), shorter than pistillate scales (including beak), 4-4.5 mm long, greenish yellow, membranaceous, whitish pubescence, conspicuously thinly veined, attenuate and stipitate at base, gradually contracted into a short beak at apex; orifice 2-lobed with short teeth, sparsely pubescent at margins. achenes tightly enveloped, oblong-obovoid, trigonous, castaneous, ca. 2.2 mm long, abruptly attenuate and curved stipitate at base, shortly beaked at apex; style glabrous, thickened and curved at base; stigmas 3.
Note:-This new species is similar to Carex cylindriostachya Franch. in having 4-6 spikes, soft leaf blades, and oblong-obovoid-shaped achenes, but differs in having the staminate parts of spikes much shorter than the pistillate parts, and having pistillate scales that are long-awned at the apex. In contrast, C. cylindriostachya's staminate portion of the spikes are much longer than the pistillate parts, and the pistillate scales are acute at the apex. (8) Carex pterocaulos Nelmes (1947: t. 3467) . Type:-BurMa. Sedi chuang: Taroy, 13 Sep 1920, P. T. Russell 1845 (holotype, K!; isotype, K!) (Figure 2: g-K) .
Perennial herbs. rhizomes short. Culms caespitose, 30-45 cm tall, ca. 1.5 mm thick, stiff, trigonous, scabrous on upper part of angles. leaves longer than culms, flat, blades 9-11.5 mm wide, stiff, slightly scabrous on lower surface and margins, glabrous, with a few brownish persistent sheaths at base. Involucral bracts leaf-like, longer than inflorescence, shortly sheathed. Spikes 1 or 2, remote, densely flowered; lateral spikes extended from middle or lower part of culm; spikes ovoid, 25-40 mm long, 8-10 mm wide; staminate part of spike either equal to or slightly shorter than the pistillate part. Staminate scales greenish white, ovate, 4.5-5.5 mm long, acute or acuminate at apex, green 1-veined costa. Pistillate scales pale green, ovate or broadly ovate, 4.5-5.5 mm long, acute or acuminate at apex, green 3-veined costa. Perigynia pale green, longer than pistillate scales, oblong-obovoid, trigonous, 6-6.5 mm long, thinly veined, pubescent, attenuate into a short stipe at base, ciliate at margins, abruptly contracted into a short beak at apex; orifice 2-lobed with short teeth. achenes brown at maturity, obovoid, trigonous, 4-4.5 mm long, shortly stipitate at base, beakless at apex; style thickened at base, conic; stigmas 3.
Additional specimens examined:-CHINA. Yunnan: Yanshan, Ta-ker-di, C. W. Wang 84309 (Pe) . Note:-This species is morphologically somewhat similar to Carex delavayi, but differs by having long-ovoid spikes, pistillate scales that are acuminate or acute at apex, narrowly winged culms, and broader leaves (9-11.5 mm wide). In C. delavayi, spikes are ovoid, the lower pistillate scales are long-awned at the apex, culms not winged and leaves are 3-5 mm wide. Perennial herbs. rhizomes short. Culms densely caespitose, 10-25 cm tall, ca. 1 mm thick, slender, trigonous, scabrous, with persistent sheaths at base. leaves longer than culms, flat, blades 2-3 mm wide. Involucral bracts leaf-like, longer than subtending spikes, sheathed at base. Spike single, rarely 2, androgynous, ovoid, 5-8 mm long, 4-6 mm wide, sometimes a lateral spike extended from base of culms, long pedunculate; staminate part of spike shorter than pistillate part, densely flowered; pistillate part 3-or 4-flowered. Staminate scales ovate, 2-3 mm long, pale green, obtuse at apex, green 1-veined costa. Pistillate scales greenish white, broadly ovate, 1.8-3 mm long, acute and shortly awned at apex, green 3-veined costa. Perigynia longer than pistillate scales, green, obliquely patent, obovoid, trigonous, 4-6 mm, densely pubescent, distinctly 2-veined laterally and thinly veined, shortly stipitate at base, abruptly contracted into a short beak at apex; orifice 2-lobed short teeth. achenes yellowish green, obovoid, trigonous, 2.2-2.8 mm, stipitate at base; style thickened at base, conic, sparsely pubescent; stigmas 3. (Pe) .
Note:-This species is similar to Carex delavayi; they both have ovoid spikes and lower pistillate scales that are awned at the apex, but the staminate part of the spikes in C. radicalis are inconspicuous and shorter than the pistillate part of the spikes, and the styles sparsely pubescent. li (1994: 2376) recognized and identified the specimens from Hengduan Mountains as Carex radicalis, and later she described the specimens from Taining of Sichuan as a new species, C. chuiana (li, 1999) . Carex chuana differed from C. radicalis by the staminate part of spike being inconspicuous, green pistillate scales that were awned at the apex, green perigynia, and sparsely pubescent styles (li, 1999) . The holotype and isotype of Carex radicalis were carefully checked by the authors. In these specimens, the staminate part of spike was inconspicuous and far shorter than pistillate part, the pistillate scales were greenish-brown and shortly awned at the apex, the perigynia were greenish brown, and the styles were sparsely pubescent. Consequently, Carex chuana is reduced to a synonymy of C. radicalis.
